トンボ ノ ジユウ ヒショウ ニオケル ゼンシ ト コウシ ノ イソウサ ノ ヤクワリ セイブツ リュウタイ リキガク ニオケル ナガレ コウゾウ ノ カイセキ ト ヤクワリ by 南, 慶輔 & 稲室, 隆二
Titleトンボの自由飛翔における前翅と後翅の位相差の役割(生物流体力学における流れ構造の解析と役割)
Author(s)南, 慶輔; 稲室, 隆二




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
\circ C3 E-mail:keisuke.m.0714@gmail com
C3 E-mail:inamuro@kuaero.kyoto-u.ac.jp
Keisuke MINAMI, Kyoto University, Kyoto-daigaku Katsura, Nishikyo-ku, Kyoto 615-8540, Japan
Takaji INAMURO, Kyoto University, Kyoto-daigaku Katsura, Nishikyo-ku, Kyoto 615-8540, Japan
It is known that a dragonfly is capable of controlling aerodynamic performance by modulating the
phase lag $(\phi)$ between forewings and hindwings. In this study, free flights of a dragonfly are studied in
two- and three- dimensional simulations by using the immersed boundary-lattice Boltzmann method.
First, in two-dimensional simulations we calculate the aerodynamic forces of a $2D$ dragonfly flapping
model for $Re=20-1000$. It is found that the non-dimensional aerodynamic forces are almost
independent of the Reynolds number in the region of $Re>200$ . Second, in order to roughly estimate
the free fights of a dragonfly at $Re=2300$ and to investigate the effect of $\phi$ , we simulate free flights of a
$3D$ dragonfly flapping model at $Re=200$ for various $\phi$ when the model can only move translationally.
We find that the body can go forward and upward against the gravity and can change the direction
of motion by modulating $\phi$ . Third, we simulate free flights when the model can move translationally
and rotationally in order to investigate the effect of $\phi$ on the transition and the rotation of the body.
We find that the pitching angle of the body becomes large as the body moves for either $\phi.$ Finally)
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Fig. 1: The $2D$ flapping wing model; (a) the mo-
tion at the downstroke of a wing, (b) the motion
at the upstroke of a wing, and (c) the motions of
the forewing and hindwing, where the solid lines
show the downstroke motion and the dashed lines
show the upstroke motion.
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$\psi_{f}(t)=-\psi_{0}\sin(\frac{2\pi t}{T})+\psi_{1}$ , (13)
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Fig. 2: The $3D$ flapping wing model and the set









$\nabla\cdot u=0$ , (16)
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Fig. 3: Two sets of axes fixed to the body (o-xyz)
and the left forewing (o-x’y’z’).
3
$\Omega$ 4



















$N_{M}= \frac{M}{\rho_{f}c4S}$ , (22)
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Tab. 1: Spatial and temporal resolutions for the
$2D$ flapping wings. $\triangle x$ is the lattice spacing and
$\Delta t$ is the time step.
$Re c T$
$20 20\triangle x 8000\Delta t$
$40 20\triangle x 8000\triangle t$
$50 25\triangle x 10000\Delta t$
$100 25\triangle x 10000\Delta t$
$200 50\triangle x 20000\Delta t$
$300 75\Delta x 30000\triangle t$
$600 120\triangle x 36000\triangle t$
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Fig. 4: The domain of computation and the ini-
tial position of the model for the $3D$ flapping
wings.













Fig. 5: Time variations of (a) the lift coeffi-
cient $C_{L}^{2D}$ and (b) the thrust coefficient $C_{T}^{2D}$ for
$Re=40,200$ , and 1000 for the $2D$ flapping wings.
$Re$
Fig. 6: The time averaged lift coefficient
$\overline{C_{L}^{2D}}$ (red), thrust coefficient $\overline{C_{T}^{2D}}$ (blue), and
$\sqrt{\overline{C_{L}^{2D^{2}}}+\overline{C_{T}^{2D^{2}}}}$ (black) for $Re=20-1000$ for
























$\phi=0^{o},$ $90^{o},$ $180^{o},$ $270^{o}$
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Fig. 8: Isosurfaces of the magnitude of the vorticity $(|\nabla\cross u|c/u_{\max}=1.5)$ around the $3D$ flapping wings














Fig. 9: The trajectories of the center of the
mass (COM) for $0\leq t\leq 15T$ for the $3D$ flap-
ping wings. The initial position of the COM is
$(X/c, Y/c)=(O, 0)$ , and the dots indicate the po-
sition of the COM when the hindwings are at top
dead point.
$\phi[\deg]$






Fig. 10: The time averaged lift coefficient $\overline{C_{L}}$
(red) and thrust coefficient $\overline{C_{T}}$ (blue) for the $3D$
flapping wings.
$\phi[\deg]$
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Fig. 13: (a)Time variations of the pitching an-
gle of the body for the $3D$ flapping wings and
(b)the trajectories of the COM for the $3D$ flap-
ping wings. In (b), the initial position of the
COM is $(X/c, Y/c)=(0,0)$ , and the dots indicate
the position of the COM when the hindwings are






























Fig. 14: Time variations of the pitching angle of










Fig. 15: (a)Time variations of the pitching angle
of the body for the $3D$ flapping wings, (b) time
variations of the lead-rag angle of the body for the
$3D$ flapping wings, and (c) the trajectories of the
COM for the $3D$ flapping wings. In (b), the initial
position of the COM is $(X/c, Y/c)=(0,0)$ , and
the dots indicate the position of the COM when
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